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Description 

APPARATUS FOR INFRARED RADIATION 

DETECTION 

Cross Reference to Related Applications 

[0001] This application claims the benefit of U.S. Provisional Ap- 
plication Serial No. 60/445,169, filed February 5, 2003, 

which is incorporated herein by reference in its entirety. 
Background of Invention 

[0002] The present disclosure relates generally to infrared radia- 
tion detection, and particularly to infrared radiation de- 
tection utilizing thermopiles. 

[0003] a thermopile is a serially-interconnected array of thermo- 
couples, each thermocouple being formed by the junction 
of two dissimilar materials. The thermocouple array is 
placed across the hot and cold regions of a structure and 
the hot junctions are thermally isolated from the cold 
junctions. The cold junctions are typically placed on a sili- 
con substrate to provide effective heat sinking while the 
hot junctions are formed over a thin diaphragm that ef- 



fectively thermally isolates the hot junctions from the cold 
junctions. In the hot region, there is a black body for ab- 
sorbing infrared energy, which raises the temperature ac- 
cording to the intensity of the incident infrared energy. 
Thermopiles have a stable response to DC radiation, are 
not sensitive to ambient temperature variations, and are 
responsive to a broad infrared spectrum. Thermopiles also 
do not require a source of bias voltage or current. In ad- 
vancing the utility of thermopile infrared radiation detec- 
tion, it would be beneficial to provide such a detector with 

enhanced performance characteristics. 
Summary of Invention 

[0004] Embodiments of the invention provide a thermal detection 
device having a hot and a cold region, first and second 
thermocouples disposed across the hot and cold regions 
each with terminals at the cold region, a thermal absorber 
disposed at the hot region and in thermal communication 
with the first and second thermocouples, and a base 
header having a support surface and a non-support sur- 
face. A portion of the support surface opposes a portion 
of the cold region, and a portion of the non-support sur- 
face opposes a portion of the hot region. The second 
thermocouple has a polarity opposite to the polarity of the 



first thermocouple. 

[0005] Further embodiments of the invention provide an appara- 
tus for infrared (IR) radiation detection. The apparatus in- 
cludes an IR radiation sensor element and a base header. 
The IR radiation sensor element includes an infrared radi- 
ation receptor, and first and second terminals, wherein 
the receptor is disposed at a hot region, each terminal is 
disposed at a cold region, and each terminal is in signal 
communication with the receptor. The base header in- 
cludes a support surface for supporting the IR radiation 
sensor element and a non-support surface displaced from 
the support surface, wherein a heat transfer between the 
cold region and the support surface involves thermal con- 
duction, and a heat transfer between the hot region and 
the non-support surface involves thermal convection. 

[0006] yet further embodiments of the invention provide an ap- 
paratus for IR radiation detection having an IR radiation 
sensor element having a hot region and a cold region, and 
a base header. The base header has a support surface for 
supporting the IR radiation sensor element and a non- 
support surface displaced from the support surface. A 
portion of the IR radiation sensor element at the cold re- 
gion opposes a portion of the support surface, and a por- 



tion of the IR radiation sensor element at the hot region 

opposes a portion of the non-support surface. 
Brief Description of Drawings 

[0007] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the accompanying Figures: 

[0008] pig. 1 depicts an isometric exploded assembly view of an 
exemplary infrared radiation detector in accordance with 
an embodiment of the invention; 

[0009] pig. 2 depicts a side section view of the exemplary in- 
frared radiation detector of Figure 1; 

[0010] Figs. 3-4 depict isometric views of portions of the exem- 
plary infrared radiation detector of Figure 1; 

[0011] Figs. 5-6 depict an alternative embodiment to the exem- 
plary infrared radiation detector of Figure 1; and 

[0012] Fig. 7 depicts a graphical representation of normalized 
output signals of exemplary embodiments of the inven- 
tion. 

Detailed Description 

[0013] Embodiments of the invention provide an infrared (IR) ra- 
diation detector (also referred to as an IR detector or an IR 
sensor, or more generally as a thermal detection device) 
having increased thermal isolation between the sensor 



components for increased signal output. While the em- 
bodiments described herein depict an IR sensor as an ex- 
emplary sensor, it will be appreciated that the disclosed 
invention is also applicable to other sensors that may 
benefit by employing thermal isolation techniques be- 
tween components as herein disclosed. 
[0014] other embodiments of the invention provide an IR detec- 
tor having hot and cold temperature regions. The IR de- 
tector includes a thermopile having serially-inter- 
connected thermocouples, with each thermocouple being 
placed across the hot and cold temperature regions in 
such a manner as to provide for additive thermocouple 
polarities. A thermal absorber, or more specifically an in- 
frared absorber, such as a black body, is arranged at the 
hot region and is thermally coupled to, in thermal com- 
munication with, the thermopile. A base header having a 
support surface to support the thermopile includes a cav- 
ity at the support surface that provides a non-support 
surface. A diaphragm disposed between the support sur- 
face and the thermopile is arranged with a portion of the 
cavity opposing a portion of the thermopile. By providing 
a cavity on one side of the diaphragm and in opposition to 
the thermopile on the other side of the diaphragm, an in- 



crease in thermal isolation between the thermopile and 
the base header is realized, resulting in an increase in 
voltage signal output of the infrared radiation detector. 
[0015] Figure 1 is an exemplary embodiment of an IR sensor 100 
having an IR sensor element 200 supported by a base 
header 300 and arranged between a metal cap 400 and 
base header 300. IR sensor element 200 and base header 
300 form base header assembly 415 (see Figure 2). IR 
sensor element 200, although depicted as rectangular in 
shape, may be of any shape suitable for the purpose dis- 
closed herein. Base header 300 may be composed of 
metal or any other material suitable for the purpose dis- 
closed herein, such as a silicon substrate for example. Ar- 
ranged in metal cap 400 is a window filter 420 for trans- 
mitting IR radiation of a predefined wavelength. Window 
filter 420 includes both broad band pass filters (BBP) and 
narrow band pass filters (NBP). In an embodiment, IR sen- 
sor element 200 includes a MEMS (microelectromechanical 
system) silicon thermopile 210 supported by diaphragm 
films 270 and a support rim 215, best seen by now refer- 
ring to Figure 2. 

[0016] Thermopile 210 includes a serially interconnected array of 
thermocouples, depicted in Figure 2 as first and second 



thermocouples 220, 230, that are placed across hot 240 
and cold 250 regions of IR sensor 100. Each thermocouple 
220, 230 is formed by the junction of two dissimilar ma- 
terials, such as polysilicon and aluminum for example, 
depicted as thermocouple portions 222, 232 and 224, 
234, respectively, and are arranged having opposite po- 
larities with respect to each other such that the voltage 
signal across terminals 226 and 236 is the sum of the 
voltage signals across thermocouples 220, 230. Terminals 
226, 236 are connected to pins 436, 426 by wires 286, 
296, respectively. The hot and cold regions 240, 250 of 
thermocouples 220, 230 (also referred to as hot and cold 
junctions) are thermally isolated from one another by a 
thermal insulator 260 and by diaphragm films 270. Di- 
aphragm films 270 have a low thermal conductance and 
capacitance and are depicted having three layered films 
272, 274, 276, but may have any number and thickness of 
films suitable for the purposes of thermal isolation as 
herein disclosed. A black body 280 is thermally coupled to 
thermocouples 220, 230 at hot region 240, thereby serv- 
ing to absorb infrared radiation and to raise the tempera- 
ture at hot region 240. The temperature increase at hot 
region 240 is according to the intensity of the incident in- 



frared energy. As the temperature at hot region 240 in- 
creases, so the voltage signal across terminals 226, 236 
increases. The better the thermal isolation is between hot 
and cold junctions 240, 250 of thermocouples 220, 230, 
the better the voltage signal across terminals 226, 236 
will be. 

[0017] | n accordance with embodiments of the invention, appli- 
cants have demonstrated that an increase in distance be- 
tween the material of diaphragm films 270 and the mate- 
rial of base header 300 results in an increase in output 
signal from IR sensor element 200, which is discussed 
later in reference to Figure 7. As depicted in Figures 2 and 
3, this increase in distance may be accomplished without 
changing the overall dimensions of IR sensor 100 by re- 
moving material, such as by micromachining or etching 
for example, from base header 300, thereby creating a 
cavity 310 having a non-support surface 312. The mate- 
rial of base header 300 not removed by micromachining 
provides a support surface 320 for supporting IR sensor 
element 200. An exemplary cavity 310 is depicted in Fig- 
ure 3, however, cavity 310 may be created with any con- 
figuration suitable for the purpose of enhancing the signal 
output of IR sensor element 200, such as a circular shape 



or star shape for example. 
[0018] As depicted in Figure 3, an embodiment of the invention 
may be provided with cavity 310 being formed from three 
micromachined paths, the first path 330 being about 10 
millimeters (mm) long, and the second 340 and third 350 
paths crossing the first path 330 and being about 6 mm 
long. Each exemplary path 330, 340, 350 may be micro- 
machined to about a 1.1 mm depth (depicted by dimen- 
sion "d") and has a tool radius of about 1 mm (depicted by 
radius "r"). In an embodiment, dimension "d" is equal to or 
greater than about 0.1 mm and equal to or less than 
about 10 mm, and in another embodiment is equal to 
about 1 mm. Dimension "d" denotes an incremental in- 
crease in air space distance between diaphragm films 270 
and base header 300 created by the machining of cavity 
310. 

[0019] Figure 4 depicts IR sensor element 200 supported by sup- 
port surface 320 with a portion extending over, or oppos- 
ing, non-support surface 312. In an embodiment, the 
thickness of IR sensor element 200 is about 500 microm- 
eters and the thickness of diaphragm films 270 is about 1 
micrometer. 

[0020] Figures 5 and 6 depict an alternative embodiment of the 



invention that utilizes spacers 430 arranged on base 
header 300 for creating the additional dimension "d" be- 
tween diaphragm films 270 and base header 300. Alter- 
natively, diaphragm films 270 may be suitably shaped to 
provide incremental distance "d". A further alternative 
embodiment may include a micromachined base header 
300 with support columns extending from the bottom 
surface of cavity 310 to provide support surface 320. 
[0021] Figure 7 depicts a graph of signal output 450 of IR sensor 
100 as a function of incremental spacing "d" 460 for the 
first exemplary embodiment depicted in Figures 1-4 and 
the second exemplary embodiment depicted in Figures 
5-6. As depicted, signal output 450 is normalized, 
thereby resulting in a signal output of 1.0 for an IR sensor 
100 having no incremental air space distance "d" between 
diaphragm films 270 and base header 300 (that is, d=0). 
First and second exemplary embodiments of the invention 
having an incremental air space distance "d" are shown 
having output signals 470 and 480, respectively. As de- 
picted, first and second exemplary embodiments have 
normalized output signals of about 1.65 and about 1.75, 
respectively, at a "d" dimension of about d=0.8 mm. Ac- 
cordingly, a sensor having about d=0.8 mm results in an 



output signal strength of about 65% to about 75% larger 
than a sensor with d=0 mm. 
[0022] | n a f u ||y assembled IR sensor 100, metal cap 400 may be 
attached to metal base header 300 to provide a sealed 
unit that encapsulates IR sensor element 200. IR sensor 
element 200 may be bonded to base header 300 using 
any suitable bonding technology, such as adhesives for 
example. The inner cavity, or internal volume, defined be- 
tween metal cap 400 and metal base header 300 may be 
filled with a filling gas of suitable thermal properties, 
thereby providing predictable heat transfer between and 
among the various surfaces within the inner cavity, in- 
cluding non-support surface 312. In the absence of cavity 
310 defined by incremental air space dimension "d", the 
heat transfer between diaphragm films 270 and base 
header 300, having an air gap of "D" as shown in Figures 
2 and 6, is primarily through conduction, and the filling 
gas confined by gap "D" cannot readily mix with the re- 
maining filling gas between metal cap 400 and metal base 
header 300. As used herein, the term air space denotes a 
space between components, regardless of whether the 
space is filled with air or a filling gas. With the introduc- 
tion of incremental air space "d", the heat transfer be- 



tween diaphragm films 270 and base header 300 includes 
a convection component, which provides less heat transfer 
than the conduction component does, thereby providing 
greater thermal isolation between diaphragm films 270 
and base header 300. Additionally, with the introduction 
of side channels 490, shown in Figures 3-4, the filling gas 
beneath IR sensor element 200 may better mix with the 
filling gas between metal cap 400 and metal base header 
300, thereby resulting in less heat buildup beneath IR 
sensor element 200 for further improvement in thermal 
isolation. 

[0023] Some embodiments of the invention may provide some of 
the following advantages: increased signal output; a re- 
duction in required signal amplification; and, increased 
signal noise immunity. 

[0024] while the invention has been described with reference to 
exemplary embodiments, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 
without departing from the essential scope thereof. 



Therefore, it is intended that the invention not be limited 
to the particular embodiment disclosed as the best mode 
contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the 
scope of the appended claims. Moreover, the use of the 
terms first, second, etc. do not denote any order or im- 
portance, but rather the terms first, second, etc. are used 
to distinguish one element from another. Furthermore, 
the use of the terms a, an, etc. do not denote a limitation 
of quantity, but rather denote the presence of at least one 
of the referenced item. 



